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The embryonic development of the Japanese Palolo, Tylorrhynchus hetero-
chaetus, is inhibited with an extract obtained by suspending unfertilized eggs 
in acid medium (OsANAI 1967a). The development-inhibitillg factor (DIF) infered 
to be contained in the extract may be similar to the fertilization inhibitor found in 
sea urchin eggs. The DIF is coillcident with the sea urchill inhibitor in chemical 
property and localization. They are mucopolysaccharides contailled ill the cortical 
granoles of unfertilized eggs (OsANAI 1964, 1967c). Some matters extracted from 
sea urchin sperm with acid solution stimolate the parthenogenetic activation of sea 
urchin eggs (MOTOMURA 1954, OsANAI 1964). The sperm extract precipitates egg 
jelly and naturalizes the fertilization inhibitor identical with so-called fertilizin. 
Thus, it is considered that egg activation is attributed to the inactivation of the 
·inhibitor in eggs (RUNNSTROM et al. 1956, 0SANAI 1964) .. In the Palolo eggs it 
can be expected that egg activation resolts from inactivating DIF with some 
sperm factors. This paper deals with the parthenogenetic effect of Palolo sperm 
extract and the influence of egg factors on the parthenogenetic activation. 
MATERIAL AND METHOD 
Materials used were the brackish polychaete, Tylorrhynchus heterochaetus 
(QuATREFAGES). The swarmillg individuals collected at the shore near Sendai 
were preserved in one third sea water (one part of sea water diluted with two 
parts of distilled water) and stocked ill the refrigerator (0-4°0). The germ cells 
were discharged frcim the body cavity by cuttillg the body wall. The unfertilized 
eggs were preserved ill one third sea water and the sperm in ordinary sea water. 
Preparation of sperm extract. The sperm extract was prepared with the 
MoTOMURA's procedure adopted oridillally. f()r the extraction of sea urchin 
antifertilizill (MoTOMURA 1954, 1955). The concentrated sperm were fixed with 
acetone and then dried. One gram of the dried matters were suspended in 100 mi. 
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of 0.01 N HCl solution and heated until boiling. After cooling the extracted solu-
tion was filtrated. The filtrate was adjusted in osmotic pressure and pH to normal 
sea water by addition of NaCl and NaOH. One part of the filtrate was precipitat-
ed with ethyl alcohol. The precipitates were collected with the centrifuge and 
stocked in 80 per cent ethyl alcohol. The alcohol precipitates was dissolved in sea 
water prior to use. 
Prepamtion of egg extmct. The unfertilized eggs were suspended in one third 
sea water acidified with HCl (pH 4.0-4.6) and agitated slowly with the magnetic 
stirrer for 20- 30 minutes. The suspension was filtrated. The filtrate was used after 
being adjusted in osmotic pressure and pH to ordinary sea water. A part of the 
egg extract was treated with ethyl alcohol. The precipitate was stocked in 80 per 
cent ethyl alcohol solut ion. 
Preparation of secreted egg substances (egg secretions). The jelly formed 
around the fertilized or activated eggs seems to be identical or similar to the 
DIF, because they originate from the erotical granules (OSANAI 1967 a, b, c). The 
unfertilized eggs began to secrete only by being placed in sea water. The suspen-
sion of the jelly-formed eggs were centrifuged at 1500xG for five minutes. The jelly 
remained in the supernatant. The supernatant was filtrated after being agitated 
with the stirrer. One part of the filtrate was used as egg secretion solution and 
others were precipitated with ethyl alcohol. 
EXPERIMENTS 
l. Pa1·thenogenetic activation with sperm extract. 
The stock solution of sperm extract was diluted with sea water. The 
unfertilized eggs were placed in the diluted sperm extract solution, and after 





Parthenogenetic activation of Tylorrhynchus eggs 
with the sperm extract 
Concent ration of sperm extract 
1/2 l /4 l /8 l / 16 l /32 
(a) 2.5% 4.7% 8.3% 1. 7% 0% 
(b) 32.0 34.0 25.7 9.4 0 
(c) 9.3 5.4 0.7 0 






The unfertilized eggs were placed in sperm extract solution diluted with sea 
water for 18- 20 hotus. Numbers of the activated eggs, in which ooplasmic segrega-
tion proceeded, are shown in per cent. 
1) Extracted from l gram of acetone-fixed sperm in 100 ml of O.OlN HOI 
solution. 
2) 0.5 ml of ethanol precipitates of the sperm extract was dissolved in 20 ml 
of sea water. 
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F' 1 Parthenoaenetic activation of Tylorrhynohus eggs t reated with sperm extract. 
Ig. · 1 d :" sea ,vatet· (a b) or in l /4 sperm extract-sea water solutwn (c-f) for The eggs were p ace m · ., 
20 hours. ( X 190) 
Some eggs proceeded to the changes to be r~garded ~s sig.ns of parthenogen~tic 
activation. In them egg membrane elevatiOn, penv1tellme space fonnatwn, 
germinal vesicle breakdown and oop.lasmic segregation were observed. ~hey ~ro­
ceeded often to irregular cleavage (F1g. 1c-f). In the control eggs placed m normal 
sea water for the same period the elevation of the egg membrane and the ~reakdown 
of the germinal vesicle were somewhat observed, but rarely the cytoplasm1c segrega-
tion (Fig. la, b). From this observation it is consi~ere.d th~t the sperm extract 
has an activity stimulating parthenogenetical egg acttvatton. The sperm substances 
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were active after being precipitated with ethyl alcohol (Table 1c, d). 
2. Influence of egg substances on the pa.-thenogenetic effect of sperm extract. 
The egg substances extracted from the unfertilized eggs with acidified solution 
were considered to contain the development-inhibiting factor (DIF), which 
locates in the cortical granules of the unfertilized eggs (OSANAI 1967b. c). Since the 
jelly secreted from the fertilized or activated eggs originates from the cortical 
granules, it seems to be identical or similar to the DIF. The egg extract forms 
precipitates by reacting with the sperm extract as well as the jelly. From these 
facts it can be expected that the egg extract and secretions antagonize to the 
sperm extract. Thus, it was examined whether the activating effect of the 
sperm extract is influenced by the egg extract and secretions. 
The nufertilized eggs were placed in the following media; (1) sea water (the 
Table 2 
Effect of egg secretions (jelly solution) on parthenogenetic 
activation with the sperm extract (1) 
Composition of incubation media (ml) 
Sperm Extractu Egg secretion2 ' I Sea VVater 
Activation3 ' (%) 
(a) (b) 
0 0 8 0 0 
2 0 6 2.5 87.5 
2 2 4 20.9 94.0 
0 2 6 0 0 
1) Sperm Extract: Extracted from lg. acetone-fixed sperm in 100 mi. 
O.Ql N HOI solution. 
2) One mi. ethanol precipitate of egg secretions was dissolved in 30 mi. 
sea water. 
3) The activated eggs were counted after incubation for 18 hours. 
Table 3 
Effect of egg secretions on parthenogenetic activation 
with sperm extract (2) 
ml. of sperm extract solutionll,lll 
4 2 110.510.2510 





1.1 I 0.4 I 
97.5 99.4 9~.4 I ~-3 I 
The unfertilized eggs were incubated for 15 hours. 





2) Sperm extract solution: 0.5 ml. ethanol precipitates of sperm 
extract were dissolved in 20 ml. sea water. 
3) Egg secretion solution: 1.5 mi. ethanol precipitates of egg secre-
tions were dissolved in 30 mi. sea water. 
ACTIVATION OF PALOLO EGGS 
Table 4 
Effect of egg extract on egg activation with sperm extract 
Composition of Incubation Media (ml) 
Sperm Extraot21 Egg extract3' Sea Water 
Activationtl (%} 
0 0 8 0 
2 0 6 0 
2 4 2 97.6 
0 4 4 0 
1) Activated eggs were counted after incubation for 20 hours. 
2) Sperm extract solution: Extracted from 1 g. acetone.fixed sperm 
in 100 ml 0.01 N HCI solution. 
3) Egg extract solution: 0.2 mi. ethanol precipitates of egg extract 
were dissolved in 10 mi. sea water. 
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control), (2) sea water solution containing the sperm extract alone, (3) sea water 
solution containing the egg secretions alone and ( 4) sea water solution containing 
both the sperm extract and the egg secretions. The activation was judged by 
ooplasmic segregation. No effect was observed in single egg secretion solution. 
The percentages of activated eggs were higher in the mxiture of the sperm extract 
and the egg secretions than in single sperm extract solution (Tables 2 and 3). The 
egg secretions did not inhibit, but promoted the egg-activating effect of the sperm 
extract. The egg extract promoted also the parthenogenetic activation with the 
sperm extract (Table 4). 
DISCUSSION 
The Japanese Palolo eggs were activated parthenogenetically by the treat-
ment with the extract obtained from spetm of the same species. Since the similar 
extracts of sea urchin sperm neutralize fertilizin and activate the eggs, it is 
considered to contain antifertilizin (MoTOMURA 1954, 1955). RuNNSTROM and his 
co-workers advocated "new fertilizin theory", in which fertilizin was called 
fertilization inhibitor and antifertilizin fertilization promotor. The naming 
was based on the facts that fertilizin retards fertilization rate and inversely 
antifertilizin accelerates (Of. RuNNSTROM, HAGSTROM and PERLMANN 1959, 
RuNNSTROM and !MMERS 1956). The presence of parthenogenesis-inducing activity 
in the Palolo sperm extract seems to support the new fertilizin theory, but it is 
doubtful whether the extracted sperm substance is an exact activator carried by 
the penetrated spermatozoon, because the sperm substance may originate from 
basic proteins constituting sperm nuclei (Cf. 0SANAI and TAMURA 1970). 
The extract obtained from the unfertilized eggs was considered to contain a 
development-inhibiting factor (DIF), which blocks ooplasmic segregation following 
germinal vesicle breakdown (OSANAI 1967a). The inhibiting activity of the DIF 
seems to be attributed to its mucopolysaccharide property. The DIF is similar 
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to the fertilization inhibitor or fertilizin of sea urchins because it is contained in 
the cortical granules and released from the eggs after fertilization, constituting 
jelly. Though the Palolo egg extract and secretions produced precipitates by being 
mixed with the sperm extract, they could promote tbe parthenogenetic effect of the 
sperm extract. These facts suggest that the egg extract and secretions may 
contain an egg-activating factor (EAF) other than the DIF. On the basis of the 
facts mentioned above, the following hypothesis can be deduced. The EAF 
locating in the unfertilized eggs is usually inactivated by the DIF. A development-
promoting factor (DPF) contained in the sperm extract may be able to combine 
with the DIF, releasing the active EAF. When the eggs are treated with sperm 
extract, the EAF may be released from DIF-EAF complexes by the action of the 
DPF, stimulating egg activation. In the treatment with the mixed medium of the 
sperm and egg substances the same reaction may proceed also in the medium. 
and released EAF may be added to intracellular EAF. Thus, the parthenogenetic 
effect of the sperm might be apparently increased. 
VACQUIER et al. (1972, 1973) reported in sea urchins that a trypsin-like 
protease localized in the cortical granules was released extracellulary after 
fertilization. The Palolo egg jelly is also a fertilization product originated from 
the cortical granules (YAMAMOTO 1952, 0SANAI 1967b, c). It is probable that the 
Palolo eggs contain a protease in the cortical granules or their product. If the 
EAF should be the protease, it will be able to activate the eggs, because the Palolo 
eggs are activated parthenogenetically with pronase P, one of proteolytic enzymes. 
During the fertilization process of the Palolo eggs the spermatozoa attached to the 
egg membrane, but supernumerary ones were detached later from the membrane. 
The sperm detachment was attributed to egg secretion after fertilization. The 
egg membrane-sperm bond was easily destroyed by pronase (OSANAI 1973, 1976). 
These facts suggest also that the- egg secretions may contain a protease. 
SUMMARY 
The eggs of the brackish polychaete, Tylorrhynchus heterochaetus, were 
activated parthenogenetically by the treatment with the sperm extract. The egg 
extract and secretions had no activating effect on the unfertilized egg, but 
promoted apparently the activating action of the sperm extract. These observa-
tions suggest that an egg-activating factor is contained in the unfertilized eggs 
and their secretions. On the basis of these results the egg activating mechanism by 
the sperm extract was inferred. 
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